It is this region of the stornach which undergoes peptic ulcer damage, and, also, it provides an epithelium which separates the secretory epithelium of the fundus from the absorptive epithelium of the small intestine. The permeability properties of this tissue in relation to control of gastric secretion are also an area of interest (1, 4) .
Studies in dog (5) and man (2) have shown that, like the fundus, the antrum generates a transmucosal electric potential difference (PD, lumen negative), albeit somewhat lower than the PD across the fundic mucosa. More recently, it has been shown that, in Necturus, the fundic mucosa exhibits little, if any, paracellular or shunt conductance (19), whereas the antrum has a shunt/cell conductance ratio of about 3 (18).
Since details of transport by the antrum are unknown, this paper describes mainly properties of Necturus antrum in the Ussing chamber and also some of the properties of bullfrog antrum.
Here we deal with the ions transported transepithelially, the effect of inhibitors on transport, and the origin of the antral PD. Some of these data have been presented in a preliminary form (7, 18).
MATERIALS AND METHODS
Animals. Necturus and Rana catesbeiana, which had been caught wild, were purchased from a local dealer. Both species were kept in tap water at room temperature until used. The Necturus were fed with minnows, while no food was given to the frogs. The latter were, however, used within 10 days after purchase and had, until then, been fed with crickets. No Necturus were used during the months JuneSeptember when the animals were mostly in poor condition. No Rana catesbeiana were used during the mating period (March to June). Ussing chamber experiments. The animals were killed by section of the spinal cord, the abdomen was then opened, and the stomach was removed.
The mucosa was separated from the rest of the stomach wall by blunt dissection in an oxygenated frog-Ringer solution, and then mounted as a membrane between the two halves of a Perspex chamber. The exposed mucosal surface was 1.1 cm2.
The Necturus antrum could be readily distinguished from fundic mucosa by an absence of folds and of surface pigmentation.
The demarcation was less distinct in the bullfrog: although the antral mucosa was of paler appearance than the fundic, the dividing line was convoluted. The absence of any measurable acid secretion following a challenge with histamine (10-S M) was also used as a criterion to determine that we were dealing with antrum rather than fundus and was used regularly with bullfrog antrum. On each side of the mucosa there were 7 ml of solution (Table  1 ) which was changed 3-4 times during a ZO-min period before the experiments were started. A gas lift 95 : 5, vol/vol or 100 % 02) was used for circulation of the solutions.
In some experiments 02 was replaced with N2 to produce anoxic conditions. All experiments were performed at 23°C. The pH on the nutrient (submucosal) side of the mucosa was always kept at 7.20 with a buffered solution.
The pH on the secretory (luminal) side was kept at 7.30 when an unbuffered solution was used on this side, HCl (5 X 10e3 M) being infused under automatic control from a pH-stat instrument (Radiometer, Copenhagen) . In some experiments a buffered solution (pH 7.20) was used also in this side. An alkaline-secretion rate could be calculated from the amount of HCl infused. Alkali secretion was recorded only when 100 % O2 or N2 was used on the secretory side-the gas was prewashed in Ba(OH)n to exclude contamination with CO2 . The transmucosal PD was measured via two calomel electrodes (K4112, Radiometer, Copenhagen) and recorded with a high-input impedance voltmeter. Shortcircuit current (Iso) was applied to the mucosa through two end-on agar bridges. The current was adjusted manually and calculated from the voltage drop over a precision resistor. The electrical resistance (R) was determined from the voltage drop caused by sending a fixed current (20 pA/cm2) through the tissue in both directions, and was always corrected for the resistance of the solutions.
The time for the current pulse was made shorter than 0.1 s to avoid polarization phenomena (13). Flux isotope measurement. Either 22hTa or 36C1 was used in these measurements.
We added 20 &i of 22Na or 7 PCi of 36C1 to the solution on either side of the mucosa. Samples (0.2 ml) were taken from the trans side every 45 min and transferred to lo-ml of a scintillation solution (Aquasol). The samples were counted in a liquid scintillation counter (Beckman LS-133).
The number of counts counted in the sample with the lowest activity was more than 3,000 above background.
The equipment was tested with 22Na and gave a linear response in the range used (up to 3 X 1 O6 cpm).
Microelectrode experiments. These experiments were performed only with mucosas from Necturus due to the convenience of the large cell size. The secretory surface was mounted upward and the upper half-chamber had an open top to permit the use of microelectrodes.
The secretory-side solution was circulated with a gas lift or by perfusion at 10 ml/min from Marriott bottles containing the appropriate solutions bubbled with gas, as was the nutrient side. Table 3 .
In these experiments, buffered solutions were used on both sides of the mucosa 17.8 mM; pH 7.20) . SO b substitution for Cl-had an insignificant effect on PD and resistance (17 < 0.05 for both) of antral mucosa. With both isethionatc and glucuronate there was a significant increase in both PD (0.01 < I-' < 0.02 and 1) < 0.01) and resistance (0.01 < I' < 0.02 and P < O.Ol), whereas there was an insignificant change in I,, In contrast, removal of Na+ with choline substitution EIG. or nutrient side of Necturus antral mucosa. When placed on the nutrient side, there was a significant (P < 0.01 for both after 45 min) inhibition of PD and Isc , and there was a concomitant and significant (0.01 < P < 0.02) reduction of J g& (but not J& , Fig. 2 ). Ouabain in the same concentration did not affect the electrical or flux parameters when added to the secretory side (n = 4). Amiloride, 1 Om6 M, achieved essentially the same result, however, when added to the secretory side. In this case the fall in I,, was larger than the fall (P < 0.01) in JNa , but the rise in Isc following removal of amiloride exactly corresponded to the increase in JNa ( abolished the PD but did not significantly affect the resistance.
The data for bullfrog mucosas were significantly different. Thus both Cl-substitution by SO4= , and Na+ substitution by choline significantly (0.01 < P for all) depressed PD, and 18e , with a significant (P < 0.01 for both) rise in resistance (Table 3 ). All changes were reversible on return to NaCl conditions. C) Ionfluxes in Necturus antrum. Table 4 shows the data obtained during ion flux measurements. It should be emphasized that these measurements were done in the presence of unbuffered, secretory-side solution, i.e., in the presence of a HCOagradient, which probably contributes to the Isc (see below), but this made it possible to record the alkaline secretion. It can be seen that, in the short-circuited state, there was a net flux of Na+ from S + N, and that simultaneously there was a net flux of Cl-in the opposite direction of about the same magnitude.
From the latter data, it can be seen that the sum of both net ion fluxes exceeded the measured I,, , and the conductance calculated from individual unidirectional Na+ and Cl-fluxes (2.5 X 1 OS3 Q-1 cmB2) also exceeded tissue conductance (1.2 X 1 OB3 Q-l cmm2 as shown in Table 6 ). A fivefold decrease in Na+ concentration on the secretory side (from 102.4 to 20.5 mM, Na+ replaced with choline; Table  1 ) also produced an effect similar to that obtained with secretory-side amiloride (Table 6 and Fig. 5 ), although the increase of the cell membrane-resistance ratio was somewhat smaller. A very high resistance ratio was obtained in Na-free solutions (Table 7) ; under this condition secretoryside amiloride was without effect on the membrane potentials and the resistance ratio (n = 3). F) Alkali secretion. When pH-stat experiments were run with unbuffered mucosal solution and use of 100 % 0, instead of Oz-CO2 , 95 ~5 (vol/vol), it was found that there was a significant alkalinization of the antral secretory surface. A variety of experiments was carried out to elucidate the nature of this alkali secretion.
Thus, removal of HCO3-and CO2 from the nutrient solution reduced the secretion by about 50%, but the PD by 40 a/c. Anoxia and Diamox (10 mM) reversibly abolished the secretion, whereas dinitrophenol (1 OS4 M) sharply reduced, but did not abolish alkalinization (Table  8) . SCN-(20 mM), amiloride ( 10s6 M, Table 5 ), and ouabain (10-S M, Table  5 ) were without significant effect. Apparent alkali secretion persisted during short-circuiting of the preparation. It should be noted that the alkali secretion rate of Necturus antrum (Tables 4 and 8 ) is about 20 % that of the acid rate of the fundus (17) of the same species.
In addition to their effects on alkali secretion, some of these inhibitors affect the PD and resistance. As shown in Fig. 6 . The effects were due, mainly, to the changes in [HCOa-] ; changes in CO2 alone had only minimal effects (Fig.  7) . The changes observed with HCO3-changes are relatively slow in comparison to effects of nutrient-side K+Cl-changes (Fig. 8) , in the same tissue. It seemed possible, therefore, that the HCO3-effect was due to, at least in part, secondary effects on the tissue.
When [HCO 3-1 and CO2 were changed in the serosal solution during a microelectrode experiment, as shown in Fig. 9 , there is a reversible decrease in the potential between cell and nutrient and between cell and secretory solutions, with a smaller change transmucosally.
The effects were reversible on return to control conditions. In the same experiment the effect of amiloride is illustrated, namely a reduction but not an abolition of the HCO3-effect, and no evident alteration of the time course of the change. Removal of HCO3-from the nutrient solution also slightly decreased (P < 0.01) the ratio between the secretory and nutrient membrane resistances (Table 7) . Ouabain inhibition of Na+ transport, on the other hand, alters the time course of the HCO 3-change so that now the The mean values & SE of PD,! resistance, and rate of alkaline secretion are given. Anoxia was produced by replacement of 02 in the gas with N2. All drugs were added only to the nutrient side of the mucosa. The control values were obtained immediately before or 30 min after the test period. All test values were obtained 30 min after change to anoxic conditions or addition of a drug. In those experiments 17.8 mM of HCOs-were replaced with 5 mM of HEPES buffer; concomitantly, the nutrient-side gas was changed from 02-C02, 95 : 5 (vol/vol) to 100 y0 02. An unbuffered solution and 100 y0 02 was always used on the secretory side. effects are as rapid as the effects of nutrient-side K+Cl-changes (Fig. 10) .
This suggested that there might be a relationship between Na+ transport and HCO 3-conductance, hence experiments were carried out in which HCO3-changes were made in the absence of Na+ (i.e., in choline solutions, Table 8 ). Na+ removal results in an abolition of the PD in spite of the presence of a HCO3-gradient. Subsequent HCO 3-changes were without effect on cell or transmucosal potential (Table  7 , and Fig. 11 ).
It is, however, obvious (Fig. 11 ) that return of Na+ to only the secretory side reinduced HCO3-conductance in the nutrient-side cell membrane. H) Asymmetry of membranes. The effect of changes in ion concentrations of the cell membrane potentials were made to evaluate the nature of the diffusion potentials across the membranes. Figure 8 shows the response to secretory and nutrient-side lo-fold changes in K+ and Cl-concentrations. The Na+ and HCO3-concentrations were kept constant, K+ replacing choline and Sod= replacing Cl-( hyperpolarization and a later greater hyperpolarization. The latter appeared 1-3 min after the immediate change. This might indicate that the nature of the Na+ conductance in the nutrient-side cell membrane is different from that in the secretory-side membrane. Finally, results from Ussing-chamber experiments (Figs. 6 and 7) showed that the transmucosal PD changed with variation in HCO3-concentration in the solutions on both sides. This made it interesting to examine with microelectrodes whether the secretory-side membrane was well as the nutrient-side membrane (see above) showed a HCO3-conductance. Figure 13 shows the result of a typical experiment. Adding HCO 3-(basal nutrient solution, 100 % 0,) to the secretory side results in a slow hyperpolarization of the secretory-side membrane, similar to that obtained across the nutrient-side membrane ( Fig. 9 ) with a HCO 3-change on that side. There is a smaller hyperpolarization of the nutrient membrane and a decrease of the transmucosal PD. The effect of a HCO3-change on either side of the mucosa is thus mainly exerted across the cell membranes, rather than across the shunt pathway. No measurements of the K+ flux were made in the present study; the results of in vivo studies indicate, however, that [K+] in antral secretion is higher than that in the secretion from the fundic pouch (6). It cannot then be excluded that some K+ transport could take place as a neutral KC1 pump. The total tissue conductance is exceeded by the sum of the Na+ and Cl-conductances (Table  4 ). This also demonstrates that some of the ionic movement in the tissue is by nonconductive pathways, as is the case also for the gastric fundus (8, 10).
The concept that active Na + transport from the secretory to the nutrient side accounts for most of the short-circuit current is further supported by the effect of inhibitors, such as ouabain or amiloride.
Both of these inhibitors reduce Na+ flux S + N selectively, and reduce Isc and PD to zero in the absence of a HCO3-gradient. The action of amiloride was on the secretory side, ouabain on the nutrient, which would be compatible with a cell containing a secretory surface with passive Na+ conductance, and a basal surface with Na+-K+-ATPase.
Amiloride sharply increased the ratio of the resistances between the secretory and the nutrient-side cell membranes. Similar increases in the ratio were obtained on removal of sodium from the solutions and on a decrease of only secretory-side [Na+] . Therefore, it can be concluded that amiloride in this tissue acted by decreasing Na+ conductance in the secretory-side cell membrane, and that Na+ conductance is a major contributor to the conductance of this membrane. The role of a HCO3-gradient in. maintaining a PD across Necturus antrum is demonstrated by a) the reduction in PD with the removal of HCO 3-from the serosal solution, b) the increase in PD when HCO3-is removed from the secretory solution.
In a tissue with high paracellular conductance it is necessary to establish that these effects are due to changes across the cell membrane, rather than across the shunt path, which was done with microelectrodes.
The The presence of this drug on the secretory side results in hyperpolarization of the secretory membrane, due to reduction of Na+ conductance, and there is also, as expected, a significant increase of the &/RN ratio.
From these data it can be seen that whether amiloride is used to alter the Na+ conductance of the secretory membrane, or secretory Na+ concentration is decreased, or Na+ is removed, the cell membrane resistance ratio &/RN shows a large increase.
Amiloride, however, has no effect on the nutrient surface and th is surface also responds differently to a Na+ decrease in the bathing solution on that side. The Na+ conductance mechanisms across each cell surface are thus most probably different. Different types of Na+ conductance have been shown previously in the frog skin (11). HCO3-changes in either solution affect the PD of the tissue or of the cell membranes, and HCO3-removal from the nutrient side also increases the ratio &/RN . From these data it is possible to derive a model for the antral cell. This consists of a) a nutrient-side membrane significantly sensitive to K+ and Cl-gradients, with constant product change, also containing HCO3-and small Na+ conductances (amiloride insensitive) ; b) a secretory-side
